A Fabry-Perot etalon placed in the object plane of a coherent optical processing system can be used as a variable bandpass preprocessing filter. Use of this filter leads to improved correlation signals in a matched spatial filter system. Experimental results are shown and compared with results obtained by two other preprocessing methods.
Introduction
In coherent optical pattern recognition systems it would often be useful to eliminate most or all of the undiffracted light (dc) from the optical system. In matched spatial filtering, for example, object identification is invariably performed using moderate or high spatial frequency information. The intense dc or low spatial frequency signal, in addition to not being useful, can often be detrimental since it can lead to an appreciable amount of undesired light being diffracted or scattered into the correlation plane.
Toward the end of improving the signal-to-noise ratio and the selectivity of matched spatial filter optical systems, we have investigated three different methods of low spatial frequency suppression. The newest method, consisting of inserting a Fabry-Perot etalon in the object plane is shown to give the best results.
Optical Systems
Three optical systems were constructed for these experiments, each employing different principal methods of low spatial frequency suppression. For each system, the same input object was used to construct a matched spatial filter. An array of input test objects was then used to produce an array of autocorrelation and cross-correlation signals whose relative intensities were measured. The second optical system was nearly identical to the first except that it employed an opaque Fourier plane mask to block the dc. In this case, the mask consisted of a thin vertical wire located just in front of the MSF. Unfortunately, attenuation filters of this type that are easy to construct, such as binary disks and lines, lead to ringing artifacts. Attenuation filters obtained by photographically recording the illumination system impulse response can be used to avoid this ringing. of the transparent circle was again constructed such that the filter diffraction efficiency was maximized at the same spatial frequency (5 lines/mm) as for the filter in system A. The MSF impulse response is shown in Fig.   3 (A). The set of input objects, as viewed through the preprocessing filter, is shown in Fig. 3(B) . The correlation plane output for this optical system is shown in Fig. 3(C) . An intensity measurement through the second row of output signals [ Fig. 3(D) ] shows that the hexagon still produces an intense cross-correlation signal.
C. System C This system employs a Fabry-Perot etalon as an object plane preprocessing filter. For mechanical simplicity and to add the possibility of object scaling, the object is actually imaged onto the etalon as shown in Fig. 5 .
A Fabry-Perot etalon has a transmittance that is a function of illumination incidence angle. It can thus operate on the angular spectrum of plane waves produced by the object to perform spatial frequency filtering in the object plane. 4 5 In transmission, a F.P. etalon has intensity transmittance
where
is the cavity finesse with mirror reflectivity R, and 6= 2rd cos,
where d is the cavity length, X the wavelength, and
is the propagation angle of a plane wave diffracted from a normally illuminated object of spatial frequency p.
For dc suppression, we choose The passbands, of course, can be tuned by varying d. This has the effect of changing the position of the transmitted bands as well as of changing the dc suppression. The dc transmittance remains low, however, as long as Eq. (5) is approximately satisfied.
We also note that F.P. etalons could be used in reflection with reflectance given by for the previous systems. The MSF impulse response is shown in Fig. 4A . The array of input objects, as viewed through the F.P. preprocessing filter, is shown in Fig. 4B . The correlation plane output is shown in Fig. 4C , with the corresponding logarithmic intensity plot in Fig. 7(D) . The greater suppression of crosscorrelation signals relative to the autocorrelation signal for this system is evident.
Ill. Conclusion
Three different methods of low spatial frequency suppression were compared in coherent optical systems used for matched spatial filter pattern recognition. A Fabry-Perot etalon placed in the object plane was found to give the best results. The tunable characteristics of Fabry-Perot filters could make them promising for other spatial filtering applications.
